The aim of this study was to develop effective tools based on fish assemblages, allowing the development of an effective assessment approach for the ecological status of running waters. Fish samples were collected using gill-nets with mesh sizes of 8, 10, 12, 14, 15, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 and 80 mm. Forty sites were visited from October 2008 to September 2009 in the Bandama River. A large part of the data set on fish descriptors associated with environmental parameters was compiled from regional databases. For each of the fish assemblage descriptors, stepwise multiple linear regressions with habitat variables were carried out. The residuals of the models obtained were used as candidate metrics independent of natural environmental factors. Student t-tests used to compare each metric in reference and disturbed samples indicated significant difference (P < 0.05) for six metrics. The standard residuals of metrics selected were added to constitute the final index. This multimetric index of fish assemblage integrity could serve as a practical technical reference for conducting cost-effective biological assessments of lotic systems.
INTRODUCTION
Human perturbations in river ecosystems lead to the deterioration of water quality and aquatic habitats (Allan and Flecker, 1993) . Ivorian streams are subject to many disturbances. Indeed, the discharge of industrial effluents (Boubo, Sassandra, etc.) , the use of fertilizers and pesticides in large plantations near running waters, the construction of hydro-agricultural and agro-pastoral dams (Go, Bandama, San Pedro, etc.) and hydroelectric dams (Bia, Bandama, Sassandra) have perturbed normal assessment of ecosystems (Gourène et al., 1999; Da Costa et al., 2000; Koné et al., 2003; Kouamélan et al., 2003; Kouamé et al., 2008) . Moreover, the introduction of species to improve small-scale fisheries, develop fish farming or for biological control (Gooré Bi, 2009) can affect the biological functioning of ecosystems through food chains. Hocutt et al. (1994) summarized that all water resource development projects on the African continent have either failed to meet their stated objectives, and/or had sociocultural and ecological impacts that were not predicted beforehand. In Côte d'Ivoire, deforestation estimated at 375 km 2 ·million -1 capita (Lévêque and Paugy, 1999) resulted in the extinction of some fish species (Kamdem Toham and Teugels, 1999; Kouamélan, 1999) . Given that these various threats affect aquatic environments, an assessment of water quality was necessary to preserve aquatic resources. It has been noted that the physical and chemical environment of a river is deeply influenced by the characteristics of the environment from which it flows; but the measurements in the water column refer to the conditions prevailing in the course at the time of collection. This led to the monitoring of river integrity using biological communities (fish) by Karr (1981) . These reflect the usual or extreme events that have occurred in the past up until this moment in the studied areas. Fish assemblages are reckoned as indicators of aquatic ecosystem health, which has become key in water quality management (Karr, 1981; Karr et al., 1986; Oberdorff et al., 2002; Tejerina-Garro et al., 2006; etc.) . In this context, guilds of fish are useful for both understanding aquatic community ecology and giving sound advice to decision-makers by means of metrics for indices of biotic integrity. The index of biotic integrity (IBI) could be a potentially useful management tool for the conservation of the species and their habitat. According to Kamdem Toham and Teugels (1999) , development of a fish IBI for African rivers is favored by the naturally high species richness, compared with rivers of the temperate regions. However, the fish IBI application is made difficult because of the lack of biological community data and life-history information on most West African species, and the scarcity of information concerning fish community changes in response to environmental degradation in our streams. In the Bandama River, these statements hold true, but must be moderated. Generally, the biology, ecology and systematics of the species are not known as well as in temperate regions. Nonetheless, fish remains the best-known group of purely aquatic African animals (Daget and Iltis, 1965; Planquette and Lemasson, 1975; Mérona, 1981; Teugels et al., 1988; Traoré, 1996; Paugy et al., 2003a Paugy et al., , 2003b etc.) . According to Hugueny et al. (1996) , in West Africa, ecological and systematic knowledge are sufficient to meet the needs of an IBI based on fish assemblages. Good identification keys exist (Paugy et al., 2003a (Paugy et al., , 2003b . Fish biotopes and diets based on the index of preponderance of food items are generally known (Natajaran and Jhingran, 1961; Paugy, 1994; Fishbase, 2003) .The objective of our work was to develop an index that would express system responses in Bandama River on a spatial scale that would help to target management of non-point sources of pollution. This approach consists of integrating environmental factors acting on fish assemblage structure under natural conditions, and distinguishing humaninduced disturbances from natural variations. There are two possible approaches to establish the metrics of IBI. The first approach consists of using metrics or descriptors already defined in other studies (e.g. other Fish IBI studies) that have been proven to identify perturbations.
The second approach consists of selecting the metric for our data, which discriminate reference sites and disturbed sites. But in this latter case, the IBI must be validated on new independent data; which means that there are enough sites to select the metrics on a part of the data and test on another portion of the data. In this study, the first approach was chosen where metrics sensitive to perturbation were selected.
MATERIALS AND METHODS

> STUDY AREA
Bandama River, located entirely in Côte d'Ivoire, drains an area of 97500 km 2 between 3°50 to 7°W and 5°to 10°20 N. It is 1050 km long and rises in the north of the country between Korhogo and Boundiali and enters Grand-Lahou lagoon at sea level (Figure 1) . Because of its north-south orientation, it covers different climatic and biogeographic areas. The Bandama river has a low slope gradient all over its course. It is characterized by alternating riffles and rocks (Mérona, 1981; Lévêque et al., 1983) . The study zone comprises the main course of Bandama River with two man-made lakes (Kossou and Taabo), and the main tributaries, which are the Marahoué on the right bank (550 km) and the N'Zi on the left bank (725 km). The basin was chosen for the homogeneity of its ichthyofauna (Mérona, 1981; Aboua et al., 2010) and because of the existence of identified perturbations, which allows the IBI to be tested in situ. The sampling stations in this study were located on the main channels. They were chosen by considering access facilities and the presence of known human perturbations. At the Sucrivoire site (B34 and B35), in the Marahoué River, 213 km from the source, the river is characterized by relatively steep slopes and a rocky bottom, and receives discharges from Sucrivoire plant and runoff from sugar cane plantings. At the site B38 (Bouaflé), the river receives discharges from a brewery and lemonade plant. The sampling station B33 (N'Zianouan) on the N'Zi River is characterized by extensive fishing and by diffuse pollution from plantations of banana, papaya, palm tree, rice, etc. The sampling stations Pronoua (B29), Taniakro (B30) and Koyékro (B32) of the same river are located on the small reaches so that flows are interrupted during the dry season to form stagnant waters. On the main course of Bandama River, there are sampling stations located between the hydroelectric dam of Kossou and the hydroelectric dam of Taabo, representing a 95 km stretch. These hydroelectric dams influence water levels and produce electricity. Upstream of Bandama main channel, the river receives discharge from Sucaf plantations. These dams restrict fish movement, particularly between both dams, in the region upstream of Kossou dam, and in the region downstream of Taabo dam. Other potential inputs to this stretch of the river include tributaries; for example, a major tributary (Marahoué River) which flows into the Bandama river to Bozi (B10). Moreover, there is runoff from agricultural activities as well as smaller municipalities, artisanal goldmining activities in the region downstream of Kossou dam, and extensive fishing to Zambakro (B11). In total, forty sites were classified a priori as reference or disturbed sites. The reference sites were those with no obvious signs of environmental disturbance or those with only minor signs of disturbance. The disturbed sites were those with obvious environmental disturbance from gold mining, dam construction, urbanization, and industrial, agricultural and fishery activities ( Table I ). The study zone was sampled between October 2008 and September 2009. The samples were collected during high and low water periods. However, due to the natural variability of the rains and the position of the hydroelectric dams on Bandama River, the water fluctuations were minimal and not considered in this study (Hugueny et al., 1996; Berté, 2009 ).
> ENVIRONMENTAL VARIABLES
At each sampling site, the following environmental variables were measured at the center of each reach. The physicochemical variables included pH and temperature (measured using a pH-meter pH 300/310), dissolved oxygen (oxymeter DO 330/310), conductivity and total dissolved solids (conductimeter CON 400/410), and water transparency (Secchi disk). These variables were measured at 7.00 a.m and 1.00 p.m, except for water transparency, which was measured between 10.00 a.m and 15.00 p.m. Local physical and biological habitat variables were noted, as follows: the channel width (which was measured aboard a boat from one side to the other bank with rope), the channel depth (measured with a graduated weighted rope), the altitude, determined using a GPS (Global Positioning System) 12, Garmin, the current velocity, measured by observing the horizontal displacement of a float over a calibrated distance according to McMahon et al. (1996) , mean canopy closure (expressed in % to the nearest m), and substrate type (sand, gravel, rock, mud and mixed clay-mud). Distance from sources and the watershed area were measured using a digital planimeter on a 1/200 000-scale map and slope derived from topographic maps. The average value of each variable was computed. These variables were subsequently transformed into a limited number of synthetic variables (Table II) .
> FISH SAMPLING AND FISH ASSEMBLAGE DESCRIPTORS
Fish assemblages were sampled following a standardized sampling protocol. Two batteries of 19 gill-nets with mesh sizes of 8, 10, 12, 14, 15, 18, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75 and 80 mm were used. Each net measures 30 m long by 1.5 m deep. Gill-nets were set 21-119.6 arcsin(√x/100)) parallel to the bank at 1.5 m depth during high and low water periods. Nets were set overnight (5.00 p.m-7.00 a.m) and during the following day (7.00 a.m-12.00 p.m). Indeed, gill-net selectivity depends on the probability that the fish meets the net and the probability that the fish was caught and retained in the net (a function of the circumference of the fish's head and of the mesh size of the gill-net) (Spangler and Collins, 1992) . Many fish assemblage descriptors were considered as possible index metrics. Each of them are biological indicators. These biological indicators were chosen from a wide variety of trophic levels and taxonomic groups in order to develop a measure of ecosystem health of the Bandama River. Fish assemblage metrics included in the study of Bandama river quality were generally chosen based on pre-existing fish IBI studies in Africa. These metrics were defined by Hocutt et al. (1994) , Hay et al. (1996) , Hugueny et al. (1996) , Kamdem Toham and Teugels (1999) , and Gooré Bi (2009) in different African rivers (Table III) . Three types of descriptors were computed from the fish assemblage data: global, taxonomic and trophic ones. The four global descriptors were: number of native species, Catch per unit effort of natives, Biomass of natives (in a defined sample) and The Shannon-Weaver index. These descriptors were supposed to decrease with human perturbations. Fish were identified according to Paugy et al. (2003a Paugy et al. ( , 2003b at species level. Each fish was counted, measured and weighed. Hocutt et al., 1994; 2: Hay et al., 1996; 3: Hugueny et al., 1996; 4: Kamdem Toham and Teugels 1999; 5: Gooré Bi 2009 The taxonomic descriptors were the relative number of species of major fish families. Taxonomic classification is based on morphological characters and it is likely that form is linked to some aspects of the ecological role of species in the ecosystem (Matthews, 1998) . The families considered in the analyses were the Mormyridae, which are sensitive species (Hugueny et al., 1996) , the Alestidae, which are active pelagic swimmers (Kamdem Toham and Teugels, 1999) , the Cyprinidae, which are species with either mid-water or benthic orientation (Kamdem Toham and Teugels, 1999) and the Cichlidae, species well suited to live in structured edge or vegetated habitats according to Winemiller et al. (1995) . Their relatively high species richness and broad geographical distribution (Paugy et al., 2003a (Paugy et al., , 2003b ) also make them useful indicators of ecosystem degradation over a wide range of conditions (Kamdem Toham and Teugels, 1999) . The habitat descriptors included the number of benthic species, the number of benthic Siluriform species and the number of pelagic species. These descriptors were heavily influenced by the degradation of habitat components (substrate, width, depth, current, vegetation and general description of the environment) which, according to Bain et al. (2000) , was due to the modification of natural flow by the discontinuous and erratic water releases from hydroelectric dams. Benthic Siluriform species unlike benthic species are large and long-lived species. These two habitat descriptors were used in this study because they were mentioned separately in different studies (Table III) . The species number also decreases with human perturbation. Trophic descriptors included specimens whose diet categories were determined from previous stomach content analysis for Bandama species caught in this study (Table III) . The diet of species caught with an empty stomach was provided by other authors (Ngouda, 1997; Fishbase, 2003; Paugy and Lévêque, 2006) . The trophic categories were piscivores, herbivores (higher plant), invertivores (regrouped insectivores and other benthic invertebrates), phytoplanktivores (algae, plankton) and omnivores (similar proportions of plants and animals). The latter four categories showed a sensitivity to water quality degradation and also habitat degradation (Karr et al., 1986; Kiblut, 2002) . In this category, unlike other metrics, the number of omnivores was supposed to increase with human perturbation. Biological descriptors and environmental variables were transformed to achieve a normal distribution as much as possible (Table II and III) .
> SELECTION OF FISH ASSEMBLAGE METRICS AND INDEX DEVELOPMENT
The selection of fish assemblage metrics is based on Tejerina-Garro et al.'s (2006) method. It proceeded in two steps. Firstly, we computed multilinear regressions between fish assemblage descriptors and environmental variables. To reduce the cases of co-linearity (Oberdorff et al., 1995) , we used a forward stepwise selection of the environmental variables combined with a ridge regression. Environmental variables likely to be modified by human disturbances typically encountered were excluded before modeling the relationships between fish descriptors and environment variables of reference samples. In practice, that means excluding the physicochemical parameters (water conductivity and total dissolved solids, dissolved oxygen, pH, water transparency, and temperature). Secondly, we compared the residuals of preceding relation between a priori separation in the reference stations and disturbed ones using t-tests. Residual values of descriptors that displayed statistical differences between the two groups were selected as metrics for inclusion in the final index. Thirdly, for each metric, we defined the upper and the lower anchors (Hering et al., 2006) . The upper and lower anchors mark the indicative range of a metric. We used the standardized residuals as scores. We take a fictive example of an index composed of the metrics: specific richness and % of individual omnivores. The first metric was supposed to increase with area quality; it is the opposite for the second. So, we multiply the standardized residuals of % of individual omnivores by (-1). The final index score at each station is the sum of the standardized residuals of metrics selected which have the same weight (the same variance).
> INTERPRETATION OF THE INDEX
A tentative interpretation of the index values was made by computing a stepwise forward regression between the metrics selected and the environmental parameters supposed to be directly influenced by various disturbances and not included in the reference models (water conductivity and total dissolved solids, pH, water transparency, and water temperature). All statistical analyses were performed with the software STATISTICA 7.1.
RESULTS
The biological characteristics used to calculate the IBI are shown in Table IV . A total of 70 fish species were collected with gill-nets. 16 fish descriptors were analyzed. The descriptors (7) that did not show any significant relationship with environmental variables were the number of native species, Catch per unit effort of natives, Number of Cichlid species, number of Cyprinid species, and the percentage of the omnivore, piscivore and phytoplanktivore individuals (Table V) . Simple relationships were detected between environmental variables and other descriptors (9). However, a complex relationship was noted between the flow velocity, distance from source, canopy closure and mixed clay-mud, and the Shannon-Weaver index. The variables that most influenced fish assemblages were: the flow velocity, the distance from source and substrate type. The flow velocity had a positive effect on the number of benthic species, the percentage of herbivores and the Shannon-Weaver index, whereas the effect was negative on the percentage of individual invertivores. The number of benthic Siluriform species, the number of Mormyrids and the Shannon-Weaver index were negatively affected by distance from source. For 6 fish assemblage descriptors, the mean residuals of the regression between descriptor and habitat were significantly different in the reference and disturbed stations (Table VI) . Number of native species, the number of Cichlid species, the percentage of individual invertivores and the biomass were lower in the disturbed samples, whereas the number of benthic Siluriform species and percentage of individual herbivores were higher. Table VII shows that the supposed disturbed stations exhibited values equal to or lower than 2.84 (mean = -2.58), with the exception of the site B12 (Kimoukro) and the site B18 (Ahua), which showed high values (respectively, 5.14 and 6.38). Although some samples from reference stations showed low index values at the sites B24 (Ouokoukro, -5.65), B25 (Angouakro, -3.40) and B37 (Zoola Danagoro, -6.39), the mean value for reference stations was significantly higher than that of disturbed stations (mean = 1.96; t = 3.00; p < 0.05). Among the environmental variables related to water quality, the physicochemical parameters did not indicate significant change with perturbations (Table VIII) . However, the changes observed were not uniform for the different types of perturbation. We noted low variability between the changes. Stations located between the man-made lakes of Kossou and Taabo and stations with gold mining were characterized by low dissolved oxygen. The stations disturbed by urban and/or agricultural diffuse pollution had high values of pH, conductivity, total dissolved solids and temperature. Stations with artisanal gold mining showed low pH and total dissolved solids, but had high transparency. Conductivity, temperature and transparency were low at stations with industrial effluent. Linear regressions of the sensitive metrics against the physicochemical variables generated few relationships (Table IX) . Conductivity had a positive effect on the species and the percentage of individual invertivores. The biomass of natives increases with the pH, whereas the opposite effect was observed for number of benthic Siluriform species.
DISCUSSION
Monitoring the fish community is a viable alternative to physicochemical monitoring programs for assessment of biotic integrity (Karr, 1981) . 
> FISH-HABITAT RELATIONSHIPS
Fish assemblages are subject to natural temporal and spatial variability, induced by aquatic habitat variability (Matthews, 1998) . Using data from samples of Bandama River stations, relationships between fish assemblages and their habitats were established. The relations we found between fish assemblages and environmental variables were not complex. Indeed, each fish descriptor was associated with only one, two or no variables. We could explain this relation by the homogeneity of the ichthyofauna of Bandama basin, and the weak variations of environmental parameters of tropical rivers. In the downstream area of Konkouré River (Guinea), Hugueny et al. (1996) also noted the homogeneity of ichthyofauna and that no noticeable changes in the assemblages occurred relative to the width of the river. On the Ogun River (Nigeria), like Bandama River (Côte d'Ivoire) and African tropical rivers, the weak slope on a major part of courses could probably favor the homogeneity of fish fauna (Mérona, 1981; Lévêque et al., 1983) . The variables most frequently influenced in the multilinear regressions between habitat and fish assemblage descriptors were those related to river size (flow velocity and distance from source) and diversity of the substrate. The importance of current velocity, river size and substrate in determining fish assemblage composition has been documented by Gorman and Karr (1978) and Hugueny (1990) . 
> METRIC SELECTION
Our metrics were a priori selected from other IBI studies (in Guinea, Cameroon, Namibia and Côte d'Ivoire) which have been proven to identify disturbances (Hocutt et al., 1994; Hay et al., 1996; Hugueny et al., 1996; Kamdem Toham and Teugels, 1999; Gooré Bi, 2009 ). So, Karr (1981) and Barbour et al. (1995) indicated that fish assemblage metrics including river quality indices were generally chosen on the basis of pre-existing detailed knowledge of fish species ecology in the considered region. For example, in the USA, the taxonomic descriptors of original metrics used by Karr (1981) differ from those used by Oberdorff and Hughes (1992) in France, which are also different from the taxonomic metrics used by Hugueny et al. (1996) in Guinea.
In this study, two general metrics (number of native species and biomass of natives), two taxonomic metrics (number of benthic Siluriform species and number of Cichlid species) and two trophic metrics (percentage of individual invertivores and herbivores) were sensitive to human-caused disturbances. Number of native species is a common measure of species diversity that generally declines with environmental degradation. However, under certain circumstances (e.g. eutrophication) increasing productivity can lead to an increase in some species in species richness (Oberdorff et al., 2002) . In this study, marine hybrid and introduced species were excluded from the total number of species. The observed decrease in richness scores with disturbance was expected. The biomass of natives in our study corresponds to catch per unit effort in weight of native fish species in each stretch. The difference in biomass of natives can result from differences in fish weight. Indeed, fish weight is high when the coefficient of condition which reflects the fish plumpness is high in areas with abundant food (Kartas and Quignard, 1984; Gooré Bi, 2009) . But also, the difference in biomass could result in fish abundance and difference in fish composition. It could be explained by the behavior of fish reproduction, which may be altered by a reduction in spawning areas in a river. In the long term, the changes in the hydrological regime can influence the dynamics of fish populations by influencing the processes of reproduction and recruitment, leading to change in the relative abundance of species (de Lafontaine et al., 2002) . This metric, not included in the original metric defined by Karr (1981) , was sensitive to disturbance in our study and showed significant decrease with perturbation. Concerning the two taxonomic metrics, we noted that the numbers of benthic Siluriform species showed a significant increase in relative species with perturbation, whereas the family of Cichlidae showed a significant decrease. The benthic Siluriform species was proposed by Oberdorff and Hughes (1992) and Hugueny et al. (1996) as a replacement for the original metric of Karr (1981) , number of sucker species. In general, these benthic Siluriform species are large and long-lived species associated with the river bottom. They are opportunist predators in general, with trends to invertivory, eating aquatic insects (chironomids), mollusks, crustaceans and annelids, but also fish, aquatic plants and detritus (Lévêque and Paugy, 2006) . This feeding habit favors this family in disturbed environments. Certain species of this taxonomic group (e.g. Clarias) are known for their varied tolerance to pollution and habitat degradation (Moreau, 1988; Lévêque and Paugy, 2006) . The ability to use other food resources when available, and to take advantage of ambient oxygen when the dissolved oxygen supply becomes scarce, frees these species from prey scarcity and hypoxia conditions caused by water quality disturbances. The Cichlidae family reacted to disturbances with a decrease in number of species. Fausch et al. (1984) suggested that in tropical zones, this metric replaces the number of sunfish species proposed by Karr (1981) , keeping its intent of measuring the degree of degradation of submerged vegetation. The Cichlidae were used as a metric by Hocutt et al. (1994) and Hugueny et al. (1996) in African rivers. The percentage of individual invertivores decreases significantly with perturbation. The diet of aquatic invertivores is based on benthic invertebrates, which are affected by human-induced disturbance such as substrate modification, flow regulation or sewage (Statzner et al., 2001 ). This metric is a surrogate for evaluating the degree that the invertebrate assemblage is degraded by environmental changes (Oberdorff et al., 2002) . The percentage of individual herbivores is to assess the quality of the aquatic system food base at the primary level. Also, a large number of species prefer vegetated areas (Hocutt et al., 1994; Hay et al., 1996) . Conversely, in our study, we found that the herbivores were reacting to disturbance with an increase in the percentage of individuals. In general, we noted that excessive intake of nutrients increases the production of algae and aquatic plants. This massive production of plants would also favor an increase in individuals which are herbivores in these disturbed environments. Indeed, direct observation in the field led us to suspect the existence of episodic pollution incidents. However, in the absence of any specific chemical analysis of the water, it was impossible to identify nutritive substances. The percentage of individual herbivores was not included in the original metrics of Karr (1981) . Due to the method we used to select metrics, separation of disturbed and reference samples should be good if not perfect. However, some samples called reference samples had values comparable with those called disturbed. There are various reasons for this result. Firstly, the index integrates 6 metrics, which should react differently to different disturbances. We also noted, among our metrics, the absence of an important metric: proportion of (in) tolerant species and/or individuals. This metric is often used and generally very efficient (Karr et al., 1986; Oberdorff and Hughes, 1992; Kamdem Toham and Teugels, 1999; Kestemont et al., 2000) . Unfortunately, the necessary knowledge to identify all species and to integrate this metric is still limited in Africa, which would surely harm index quality. Secondly, the classification of our sites into disturbed and reference could have been erroneous in some cases. For example, the site B18, in the downstream area of the river, was considered disturbed because of the presence of many fishermen and agricultural diffuse pollution (hevea, cocoa, palm oil field), but it receives a high index score. The site B12 also receives a high score. Its location (between both man-made lakes, but a little further from the Taabo lake) makes it less sensitive to water level variation.
> INTERPRETATION OF INDEX VARIABILITY WITH PHYSICOCHEMICAL PARAMETERS
Although the small number of samples precludes a statistical analysis of the changes in physicochemical parameters, in the disturbed sites relative to the origin of the perturbation, some trends were revealed by the data. Artisanal gold mining on stations located between both dams (Kossou and Taabo) could be the cause of the low dissolved oxygen. According to Marteau (2001) , the technique to extract gold consists of removing large amounts of soil for separation of the precious metal which, in turn, lowers endogenous oxygen production. The high pH, conductivity, total dissolved solids, transparency and temperature at urban and/or agricultural diffuse pollution stations were probably related to their particular hydrodynamics because these flows were possibly affected by the transit of persons and merchandise, and also by extensive fisheries. Consequently, the flow is considerably reduced in the mid-course, a situation which favors sedimentation according to Tejerina-Garro et al. (2006) . Stations disturbed by industrial effluents had low conductivity, temperature and transparency. Direct information in the field led us to suspect the existence of episodic pollution incidents. The result is the incorporation of large quantities of suspended material in the rivers, which decreases transparency (Tejerina-Garro et al., 2006) and increases pH (Hugueny et al., 1996) . The number of relative species and percentage of individual invertivores were positively related to conductivity. Da Costa et al. (2000) found that conductivity was also amongst the main discriminant factors in both Agnebi and Bia rivers. However, we did not detect any difference in this parameter between disturbed and reference samples, but the conductivity was higher in stations affected by urban and/or agricultural diffuse pollution. Benthic Siluriform species were negatively related to pH, and the biomass of natives was positively related to pH, while its influence on individual herbivores was not significant. pH was higher in stations affected by industrial effluents and urban and/or agricultural diffuse pollution, and it also did not show any difference between disturbed and reference samples. However, we noted that Yao et al. (2005) found a significant relationship between species number and pH in the Comoé River, but Da Costa et al. (2000) noted that the pH had the slightest influence on the ordination of samples in both Agnebi and Bia rivers. The last relationship observed was that no physicochemical variable was influenced by Cichlid species. Indeed, a number of Cichlid genera are widespread in Africa, e.g. Tilapia species are continuously found throughout Africa from the eastern Cape in South Africa to Senegal in the west and the Nile and beyond to the Middle East in the east (Skelton, 1988) . However, additional research is needed to determine if FIBI scores only generated by one gear type can be used interchangeably with those generated by another gear type (e.g., electrofishing boat versus paired fyke nets). A fish-based index is a tool that can be used for water course condition assessment, and while it can produce rapid assessments, it should also be used in the man-made lakes of Bandama Basin in order to measure strong responses to human disturbance. It should also be noted that FIBI scores are not a measure of the intensity of pressures. However, it is necessary to determine a pressure gradient in the basin. Nevertheless, the Fish Index should prove to be an effective tool to aid in the management and protection of important fish habitats in the riverine ecosystem of the Bandama River.
